ABSTRACT
INTRODUCTION

26
Polyurethanes are polymers made up of polyethers or polyester long chains covalently 27 bonded by a urethane linkage (−NH − COO −). The manufacture of these plastics involves 28 the reaction between polyfunctional isocyanates and polyfunctional alcohols (Zhang et al., 29 2009).
30
Flexible polyurethane foam (FPUF) is mainly employed in upholstered furniture and 31 mattresses and is therefore automatically linked with the end of life of these products.
32
Mattresses and furniture have two important characteristics that make their recycling really 33 complex. The first one is their high volume that is a disadvantage in the transport of these 34 products to the recycling plant and the second characteristic is their heterogeneous 35 composition, with materials such as wood, metals and textiles, which require dismantling 36 prior to recycling. In addition, dismantling can cause hygienic and health-related problems 37 due to bacteria content, sweat and dust; these drawbacks can be avoided with a thermal 38 process (ISOPA, 2012).
39
On the other hand, polyurethane contains practically the same amount of energy as coal or 40 heavy fuel oil, which makes it a substitute for fossil fuels in cement kilns or provides 41 assistance in waste treatment plants, such as municipal solid waste incineration plants. 42 Thermal degradation of different types of polyurethanes has been studied by other authors were the most abundant gas products in all the runs. As the atmosphere was more oxidative, 49 the concentration of carbon dioxide, carbon monoxide and acetaldehyde increased, and that 50 of methanol and hydrogen cyanide decreased.
51
A study was developed by Font et al. (2001) analysing the pyrolytic degradation of important to analyse the emissions of these compounds, among others, under the extreme 69 degradation conditions which could be reached in cement kilns or incineration plants which 70 will be the common destinations for used mattress in future years, bearing in mind that the 71 rate of wastes sent to landfills should decrease progressively.
72
On the other hand, a really low number of papers developed this type of analysis in 73 duplicate because it involves a great amount of work, mainly for analysing the 74 polychlorodibenzo-p-dioxins and furans (PCDD/Fs) and dioxin-like polychlorobiphenyls
75
(dlPCBs) so it is important to evaluate the reproducibility of this analytical procedure.
76
The main objective of the present work is to characterise the emission, from pyrolysis and under inert and two oxidative atmospheres was previously studied (Garrido and Font, 2015) .
97
With a view to employing this waste as fuel in the cement industry or in waste incineration 
Experimental Setup
103
In order to study the gases evolved from the combustion and pyrolysis of FPUF, a 104 horizontal, laboratory scale reactor described previously (Aracil et al., 2005) was employed.
105
The sample was introduced into the reactor at a constant speed (0.8 mm/s). The reactor was 106 located inside a furnace that allowed the temperature to be maintained at a set value.
107
Synthetic air (purity of 99.995%) or nitrogen (purity of 99.9992%) (Carburos Metalicos,
108
Barcelona, Spain) was introduced in parallel with the sample, at a constant flow of 300 109 mL/min, to remove the volatiles evolved.
110
The gases passed through a packing of quartz rings situated at the end of the reactor where 
210
All solvents for the organic trace analysis were purchased from Merck (Germany). 
Ammonia Emissions
221
The emissions of ammonia obtained in the runs performed under two different 222 atmospheres, at 550 and 850ºC, are shown in Table 1 where, PYRO and COMB refer to the 223 pyrolysis and combustion runs respectively, and the number accompanying them refers to 224 the temperature of the runs, in ºC. Blank runs done in the same conditions showed levels 225 lower than 3 mg/kg sample, this value being the calculated LOD for NH3.
226
As can be seen in Table 1 , the yields of ammonia decreased more than 70% and 85% from 227 pyrolysis to combustion at 550ºC and 850ºC, respectively, as was expected bearing in mind 228 that this compound together with HCN is a common product from the incomplete combustion NH3 under low heating rate whereas at high heating rate (850ºC) the HCN progressed to NO 240 increasing the emission of this compound respect to the level detected at 550ºC ( isocyanate groups present in the molecular structure of polyurethanes.
273
The presence of CO and CO2 in significant quantities in pyrolysis runs can be attributed to 274 the oxygen content in the FPUF structure and also these compounds can be formed from the 275 decomposition of carboxylic acids evolved at low temperatures (Leichtnam et al., 2000) . The 276 production of both compounds increased with temperature as a consequence of the thermal 277 degradation of heavier compounds (Paabo and Levin, 1987) .
278
The main light hydrocarbons obtained (Table 1) were methane, ethylene, benzene, ethane, 
289
Under an oxidative atmosphere, the increase of temperature involves a decrease of yields 290 of nearly all organic compounds mainly due to the oxidation to carbon oxides and water.
291
Methane and acetylene do not follow this behaviour as they are the most likely products from 
294
The most abundant non-condensable products analysed by GC-MS and the total yields 295 obtained are shown in Table 1 but the rest of the products can be found in Table S1 in
296
Supporting Information. In this case the "nd" makes reference to levels lower than 10 mg/kg 297 sample (LOD).
298
As expected, the pyrolytic degradations generated more non-condensable compounds than 299 the combustions at both temperatures, from 429164 ± 18340 ppm to 102769 ± 4961 ppm at 300 550ºC and from 168742 ± 42061 ppm to 50460 ± 6144 ppm at 850ºC, the total yields detected 301 in pyrolysis runs being higher than the emission during the combustion. This means that the 302 pyrolysis at 550ºC and combustion at 850ºC presented the highest and the lowest levels, which can be compared to combustion (550ºC) and pyrolysis (850ºC) runs performed in the 316 present study. They found yields of 4 mg/g and 9 mg/g for HCN under well-ventilated and 317 vitiated conditions, respectively, whereas NO was found only at well-ventilated (4 mg/g) and
318
NH3 only at vitiated conditions (1.5 mg/g). Despite that they obtained similar trends to those 319 presented in this study for all compounds, the total yields were lower than the average values 320 presented in Table 1 for the considered runs (combustion at 550ºC and pyrolysis at 850ºC).
321
This fact can be explained bearing in mind that in the tube furnace tests performed by 
PAHs and Other Semivolatile Compounds
333
The profiles of the 16 priority PAHs are shown in Figure 1 , whereas other semivolatile 334 compounds detected in the SCAN mode can be found in the Supporting Information (Table   335   S2 ). In the blank runs, PAHs compounds detected showed levels lower than 1 mg/kg sample 336 which was the calculated limit of detection (LOD), whereas for other semivolatile 337 compounds the LOD considered was 10 ppm.
338
More than 180 other semivolatile compounds were identified and quantified (Table S2) ,
339
observing that the run performed under a N2 atmosphere at 850ºC shows the maximum total 340 yield followed by pyrolysis at 550ºC, combustion at 550ºC and finally combustion at 850ºC.
341
In order of abundance, benzonitrile and styrene are the most abundant products in all runs 342 with the highest concentration in pyrolysis at 850ºC and the lowest in combustion at 850ºC.
343
These compounds, along with ether compounds, such as 1-2-(1-methylethoxy)-Propanol, and relating it with cyclization reactions to form heavier compounds.
381
Under an oxidative atmosphere, the increase of temperature together with the presence of 382 oxygen involves the destruction of most of the aromatic compounds.
383
Finally, it is important to observe that the 7 most carcinogenic PAHs (benzo(a)anthracene, 
Chlorobenzenes and chlorophenols
395
Chlorobenzenes
396
In this case the LOD calculated was 0.1 ppm and the levels of the congeners detected in 397 blank runs were lower than this value.
398
The results of the ClBzs analyses are shown in Table 2 . Pyrolysis and combustion runs 399
show an opposite trend with the temperature; the total yields of ClBzs rose when the No significant variation has been detected in total yields of chlorophenols (Table S4 ) with 417 the temperature in combustion (7.8 ± 0.1 mg/kgsample at 550ºC and 6.5 ± 0.1 mg/kgsample at 418 850ºC) whereas in pyrolysis, there is a slight decrease from 4.8 ± 0.6 mg/kgsample at 550ºC to 419 2.4 ± 0.1 mg/kgsample at 850ºC.
420
The oxidation of corresponding ClBzs precursors can be responsible for the formation of produce the oxidation of ClBzs to ClPhs in the pyrolytic runs at higher temperature.
442
In combustion runs, an increase in the temperature (Table S4 ) produced a slight decrease 443 of total yields which was the expected behaviour due to the thermal cracking of aromatic (Table S5) . The values shown have been calculated subtracting the 454 yields obtained in the blank experiments which have also been included in Table 3 in order
455
to show that in all cases, the date obtained in the blank runs were much lower than these 456 obtained in the experiments with FPUF, the LOD calculated being equal to 1 pg/g sample 457 not only for PCDD/Fs but also for dlPCBs.
458
Total yields in pyrolysis and combustion at 850ºC are higher than those obtained at lower 
499
With respect to the total yields of dlPCBs, the effect of temperature was similar in pyrolysis 500 and combustion because there was an increase of more than 80% when the temperature rose 
CONCLUSIONS
528
In spite of the fact that pyrolytic degradation at 550ºC involved high yields of volatile 529 organic compounds, the concentration of toxic products, such as nitrile compounds
530
(acrylonitrile, acetonitrile) and hydrogen cyanide were higher at 850ºC.
531
The 16 priority PAHs and more than 180 other semivolatile compounds were detected in 532 the analysis of samples obtaining the highest levels in pyrolysis run at 850ºC. Benzonitrile,
533
styrene and naphthalene were the most abundant compounds in all cases. The 7 most 534 carcinogenic PAHs were only detected in pyrolysis runs at 850ºC but with relatively low 535 levels.
536
Also, the pyrolysis run at 850ºC showed the highest yields of ClBzs with the main 537 contribution of mono-ClBz which agrees with the precursor theory assumed by the PAH 538 explanation. No significant difference was obtained in the yields of ClPhs.
539
Combustion at 850ºC produced the highest yields of PCDD/Fs followed by pyrolysis at 
